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Description 

[0001] The present invention relates to. a memory 
module installed in a memory extension slot of a com- 
puter, and more specifically to a memory module using 
a DRAM (dynamic random access memory) which re- 
quires refreshing of memory contents at or within pre- 
determined time intervals. The invention is also directed 
to a method of refreshing the memory module. 

Description of the Related Art 

[0002] An element typically used for main storage of 
a computer is a DRAM having a simple internal structure 
and readily increasing storage. capacity. For the reason 
of cost reduction and appropriate specification, a gen- 
eral computer nas only one DRAM t having a capacity 
sufficient for allowing operation of typical software, as a 
main memory unit. When the user requires a larger stor- 
age capacity, a separately available memory module 
having a DRAM is inserted into a memory extension slot 
of the computer. This realizes inexpensive and easy ex- 
tension of the storage area. 

[0003] The DRAM used for data storage in the com- 
puter stores information by accumulated charges in a 
capacitor. A refreshing process for re-writing the mem- 
ory contents at predetermined intervals is thus required 
for effective data storage and retention. When the com- 
puter executes such refreshing process, however, large 
loading applied onto the computer undesirably decreas- 
es the speed of data processing of the computer. An im- 
proved DRAM recently proposed has a self-refresh 
mode for executing the refreshing process. The DRAM 
having the self-refresh mode does not require output of 
an instruction signal or an address signal for refreshing 
(hereinafter referred to as refresh signal) from the com- 
puter to the DRAM, and works as if the memory module 
is constructed as an SRAM (static random access mem- 
ory). This effectively reduces the loading applied onto a 
CPU of the computer with the DRAM. 
[0004] The DRAM having the self-refresh mode in- 
cludes a specific circuit for executing internal refreshing. 
This specific circuit, however, has a complicated struc- 
ture and occupies a large space in a restricted area of 
a semi-conductor chip. The self -refresh mode is accord- 
ingly applied to DRAMs having a relatively small storage 
capacity. A computer is generally designed to output an 
instruction signal for refreshing, thus being applicable to 
a memory module which has a non-self-refreshing 
DRAM and which is inserted into an extension slot of 
the computer. 

[0005] When the computer has only one memory ex- 
tension slot, a memory module inserted into the exten- 
sion slot should have a large capacity DRAM for signif- 
icant increase of the main storage area. Since the large 
capacity DRAM uses substantially all the area of the 
semi-conductor chip for the data storage, it is extremely 
difficult to mount a complicated circuit for generating sig- 



nals for self-refreshing on the DRAM. 
[0006] A book-sized personal computer is generally 
designed to save power consumption, and thereby has 
a sleep mode in which a clock frequency is lowered or 

5 output of signals to an external device is interrupted 
when a keyboard or a mouse has not been used for a 
predetermined time period. When a memory module 
having a large capacity DRAM without the self-refresh 
mode is inserted into an extension slot of a computer 

10 with the sleep mode, output of the refresh signals from 
the computer to the memory module is interrupted dur- 
ing the sleep mode, which prevents the memory con- 
tents being refreshed and undesirably erases the mem- 
ory contents. 

is [0007] The object of the invention is to provide a mem- 
ory module using a large capacity DRAM without a self- 
refresh mode,; which maintains the contents of the mem- 
ory irrespective of non-input of a refresh signal from a. 
computer. 

20 [0008] The present invention is directed to a memory 
module including a DRAM, i.e. a dynamic random ac- 
cess memory which does not have a self-refresh func- 
tion, which memory module is adapted to refresh con- 
tents of the memory when an instruction signal is input 

25 at predetermined time intervals to instruct refreshing of 
the memory contents. The memory module is adapted 
to be inserted into a memory extension slot of a compu- 
ter to extend the storage area of the computer. The 
memory module further includes: 

30 

monitor means for outputting a refresh-unable sig- 
nal when the computer has not output the instruc- 
tion signal for a predetermined time period; and 
artificial refresh means for, when the monitor means 
35 outputs the refresh-unable signal, outputting an ar- 
tificial refresh signal, used in place of the instruction 
signal, to the DRAM at specific intervals for ensur- 
ing retention of data in the DRAM. 

[0009] In the memory module having the DRAM, the 
monitor means monitors an instruction signal output 
from the computer for refreshing, and outputs a refresh: 
unable signal when the instruction signal has not been 
output for a predetermined time period. The artificial re- 
fresh means receives the refresh-unable signal and.out- 
puts an artificial refresh signal to the DRAM at specific 
intervals for ensuring retention of data in the DRAM. 
[0010] When the DRAM executes refreshing in a'CAS 
before RAS' mode for outputting a column address 
strobe (CAS) signal prior to a row address strobe (RAS) 
signal, the artificial refresh means generates artificial re- 
fresh signals in place of these CAS and RAS signals. 
When the DRAM executes refreshing with the RAS sig- 
nal and an address signal, the artificial refresh means 
generates artificial refresh signals in place of the RAS 
and address signals. The artificial refresh means may 
include an interval setting element for changing the spe- 
cific interval for outputting the artificial refresh signal. 
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This structure extends the refresh period to the limit of 
. the possible memory retention period of the DRAM, thus 
reducing the power consumed in the memory module. 
[0011] The present invention further relates to a meth- 
od of refreshing a memory module as defined in claim 6. 
[001 2] An embodiment of the invention will now be de- 
scribed by way of example only and with reference to 
the accompanying drawings, in which: 

Fig. 1 is a block diagram showing a memory module 
20 using a DRAM as one embodiment according to 
the invention; 

Fig. 2 shows a memory address in the memory 
module 20; 

Fig. 3 is a timing chart showing refresh signals CAS 
and RAS; 

Fig. 4 is a logic circuit diagram showing a monitor 
circuit installed in a gate array 28 of the memory 
module 20; 

Fig. 5 is a logic circuit diagram showing an artificial 
refresh signal generating circuit installed in the gate 
array 28 of the memory module 20; 
Fig. 6 is a logic circuit diagram showing an RAS dis- 
tributing circuit installed in the gate array 28; 
Fig. 7 is a logic circuit diagram showing a CAS dis- 
tributing circuit installed in the gate array 28; 
Fig. 8 is a timing chart showing a variety of clock 
. signals generated in the monitor circuit; and 

Fig. 9 shows relations of clock signals output from 
the artificial refresh signal generating circuit. 

[001 3] Referring to Figs. 1 through 3, a memory mod- 
ule 20 embodying the invention includes a total oftwenty 
16 megabit-DRAMs 24 which are soldered directly on a 
surface and rear face of a substrate 22. A connector 26 
equiped on an edge of the substrate 22 includes a 
number of joint pins arranged thereon. Memory module 
20 is inserted into a memory extension slot 8 of a com- 
puter 1 so as to electrically connect the substrate 22 with 
a bus of the computer 1. Each pin of the connector 26 
is connected each receptacle arranged on the connec- 
tor equiped in a memory extension slot 8 of a computer 
1 . A gate array 28 is constructed as a control circuit for 
controlling input and output of information via the con- 
nector 26 and includes logic circuits as described later. 
[001 4] The computer 1 is a book-sized personal com- 
puter including a keyboard 2, a liquid crystal display 
(LCD) 3, and a hard disk (HD) 4..The computer 1 further 
includes a CPU 11, a RAM 12, a ROM 13; a keyboard 
interface 14, an LCD drive circuit 15 ; an SIO 16 for com- 
munication, a hard disk controller (HDC) 17 for control- 
ling the hard disk 4, and a DRAM controller (DRAMC) 
18 for controlling the DRAMs 24 inserted into the com- 
puter 1. These elements and circuits are mutually con- 
nected to one another via an interna! bus. The internal 
RAM 12 and the memory module 20 placed in the ex- 
tension slot 8 of the computer 1 are connected to the 
DRAMC 1 8 via a memory bus 1 9. The memory bus 1 9 



includes an address data bus ADB for signals regarding 
with addresses and data, and a control bus CNTL for 
control signals used for adjusting a timing or informing 
occurrence of an error. Since the memory module 20 
s utilizes the DRAMs, address signals are multiplied in the 
address data bus ADB and output togeth r with a row 
address strobe signal (hereinafter referred to as RAS) 
and a column address strobe signal (hereinafter re- 
ferred to as CAS) by time division multiplexing. The ad- 
10 dress data bus ADB transfers signals including "CAS1, 
CAS2, CAS3, CAS4, RASC, RASD, RASE,. RASF, 
RASG, data signals DB0 through DB15, and read/write 
signals as described later. 

[0015] The DRAMs 24 used in the embodiment have 
is a known structure which receives the address signals 
synchronously with the signals RAS and CAS by a time 
sharing method for a reduced number of input/output 
pins of a DRAM package. Each DRAM 24 has a storage 
area of as large as 16 megabit mounted on a predeter- 
20 mined area of a semi-conductor chip, and thereby does 
not include a self- refresh mode for generating the sig- 
nals RAS and CAS. 

[0016] The memory module 20 of the embodiment 
has a memory address structure shown in Fig. 2, where- 
as in addresses of the twenty DRAMs 24 are specified by 
signals RASC through RASG, which are generated by 
dividing the RAS into five, and by signals CAS1 through 
CAS4, which are generated by dividing the CAS into 
four. The memory module 20 of the embodiment is de- 
30 signed specifically for memory expansion of a computer 
where the RASC and RASD signals correspond to only 
4 rhegabit-DRAMs. Even when each DRAM "24 used 
herein has the capacity of 16 megabit, a storage area 
of only 4 megabytes is utilized for eight DRAMs having 
35 addresses specified by the RASC and RASD signals. 
Accordingly, a storage area having a total volume of 28 
megabytes is prepared for the twenty 16 megabit- 
DRAMs 24. 

[0017] In order to refresh the DRAMs 24 used in the 

40 embodiment, the signals RAS and CAS should be out- 
put at a timing specified for a refresh mode or period 
shown in Fig. 3. In this refresh mode which is often re- 
ferred to as 'CAS before RAS', a signal RASm (m de- 
notes C through G) falls to a low level after a predeter- 

4$ mined delay time has elapsed since a time point when 
a signal CASh (n denotes 1 through 4) falls low. 
[001 8] When the memory module 20 thus constructed 
is installed in the memory extension slot 8 of the com- 
puter 1 , th e DRAMC 1 8 of the computer 1 outputs to the 

so memory module 20 via the connector 26 the signals 
RAS and CAS satisfying the above standards as well as 
a 1 MHz-clock (CLK) signal, control signals for instruct- 
ing 'read' or 'write', and 'write data' signals to be stored. 
The memory module 20, on the other hand, outputs 

55 'read data* signals and 'error" signals. 

[001 9] As the memory module 20 receives the signals 
RAS and CAS output from the DRAMC 18 at predeter- 
mined time intervals, the DRAMs 24 on the memory 
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module 20 are continually refreshed to maintain the con- . 
tents of the memory. When the computer is in a sleep 
mode or period when signal outputs from the computer 
are interrupted, however, both the signals RAS and CAS 
are kept in the low level as shown in Fig. 3. This erases 5 
the contents of a conventional memory module having 
DRAMs without the self-refresh mode. 
[0020] The memory module 20 of the embodiment, 
however, has logic circuits in the gate array 28, which 
independently generate RAS and CAS by utilizing the 
CLK signal output from the computer and maintain the 
contents of the memory. The logic circuits installed in 
the gate array 28 are described in detail based on the 
circuit diagrams of Figs. 4 through 7. 
[0021 ] Fig. 4 is a logic circuit diagram showing a mon- 
itor circuit which receives the 1 MHz-CLK signal, RASm, 
and CASn output from the computer and generates an 
ENB1 signal and an SREFsignal. The ENB1 signal rises 
to a high (H) level when 500 nanoseconds (hereinafter 
referred to as nsec) have been elapsed since falls of 
both the RASm and CASn to a low (L) level. The SREF 
signal functions as a 1 -microsecond (hereinafter re- 
ferred to as ^isec) clock signal. 

[0022] The CLK signal output from the computer is in- 
put directly into one input terminal of an exclusive-OR 
(hereinafter referred to as XOR) circuit XOR1 and via a 
200-nsec delay circuit D200 into the other input terminal 
of the XOR1. A subsequent circuit XOR2 receives an 
output of the XOR1 directly at one input terminal and via 
a 1 00-nsec delay circuit D1 00 at the other input terminal, 
and outputs a TMCON signal. The TMCON signal ac- 
cordingly has a frequency defined by dividing the fre- 
quency of the CLK signal (1 cycle: 1 p.sec) into lour. 
Since the delay circuits D100 and D200 respectively de- 
lay signals by 100 nsec and 200 nsec, the TMCON sig- 
nal is generated by decomposing a half cycle of the CLK 
signal to 1 00 nsec x 3 + 200 nsec. 
[0023] The CLK signal is also input directly into one 
input terminal of a logic sum (hereinafter referred to as 
OR) circuit OR1 and via a 1 00-nsec delay circuit D100 
and a negative (hereinafter referred to as NOT) circuit 
NOT1 into the other input terminal of the OR1 . The OR1 
subsequently outputs an FiFTM signal which falls to an 
'L* (low) level for a time period of 100 nsec at 1 u,sec 
cycles as shown in Fig, 8. 

[0024] The RASC and RASD signals output from the 
computer 1 are input into a logic multiplication (herein- 
after referred to as AND) circuit AND1 whjle the RASE 
and RASF signals are input into. an AND2 circuit. An 
AND3 circuit receives outputs of the AND1 and AND2 
and the signal RASG, and outputs an AND of all the 
RASm signals to a D input terminal of a D-flip flop (here- 
inafter referred to as D-FF) circuit D-FF1 . A clock termi- 
nal (hereinafter may be referred to as C terminal) of the 
D-FF1 receives an output signal (hereinafter referred to 
as CASA) of an NAND1 circuit for NOT-AND operation 
of all the CASn signals output from the computer 1 . The 
D-FF1 circuit accordingly latches the signal input into a 



data (D) terminal when any of the CASn signals falls to . 
the low level. 

[0025] During normal access from the computer. 1 to 
the memory module 20, the RASm signal is in the 'L' 
level at a time of a fall of the CASn signal, and an output 
Q of the D-FF1 circuit is maintained in the V level. While 
the RASm and CASn signals are normally output at the 
timing of-'CAS before RAS' for refreshing, on the other 
hand, the output Q of the D-FF1 circuit (hereinafter re- 
ferred to as REF1 signal) is kept in the.'H' level and an 
inverted output Q(N) (hereinafter referred to as RFEN- 
BO signal) is kept in the 'L' level. All the RASm signals 
are also input into an OR2 circuit, which generates an 
OR of the RASm signals (hereinafter referred to as RA- 
SA signal); 

[0026] The RASA signal, the RFENB0 signal, the 
REF1 signal, the TMCON signal, and the RFTM signal 
thus generated are input into a synchronous counter el- 
ement, which includes D-FF2, D-FF3, and D-FF4 cir- 
cuits and generates the target signals ENB1 and SREF. 
[0027] The synchronous counter element includes: 
an NOR1 circuit for performing NOR operation of the 
RASA signal and the RFENB0 signal; an XOR3 circuit 
for performing XOR operation of an output of the NOR1 
circuit and an output Q of the D-FF2 circuit and gener- 
ating an output into a D terminal of the D-FF2; an AND5 
circuit for AND operation of the output of the NOR1 cir- 
cuit and the output Q of the D-FF2 circuit; a XOR5 for 
performing XOR operation of an output of the AND5 and 
an output Q of the D-FF3 circuit and generating an out- 
put into a D terminal of the D-FF3; an AND7 circuit for 
AND operation of the outputs Q of the D-FF2 circuit and 
the D-FF3 circuit; a D-FF4 receiving an output of the 
AND7 circuit (hereinafter referred to as SRENB1 signal) 
as a C terminal input and the RFENB0 signal as a D 
terminal input; and an NAND3 circuit for outputting a re- 
sult of NAND operation of the REF1 signal and the CA- 
SA signal into reset (R) terminals of the D-FF2 and D- 
Ff3 circuits. The TMCON signal is input into C terminals 
of the D-FF2 and D-FF3 circuits. 
[0028] When the refresh signal is output at the timing 
of 'CAS before RAS' or when both the RASm and CASn 
signals are in the low level during the sleep period of the 
computer, the result of the NAND operation of the REF1 
signal and the CASA signal is in the low level corre- 
sponding to the CASn signal. Otherwise, the output of 
the NAND3 is in the high level, when the D-FF2 and D-. 
FF3 circuits receiving the output of the NAND3 circuit at 
the R terminal are initialized. Namely, the output of the 
D-FF3 circuit does not become active during normal ac- 
cess to the memory module 20. 

[0029] While the refresh signal is output in the l CAS 
before RAS' mode, the D-FF2 and D-FF3 circuits may 
be activated. Since the outputs of the D-FF2 and the D- 
FF3 circuits are varied synchronously with the clock sig- 
nal TMCON, however, the D-FF2 and D-FF3 circuits are 
returned to their initial state before the output of the D- 
FF3 rises to the high level. 
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[0030] The D-FF2 and D-FF3 circuits are not activat- 
ed to the final state until output of the refresh signals 
RASm and CASn is interrupted while the computer is in 
the sleep mode. The output of the D-FF3 circuit rises to 
the high level when the D-FF3 receives two clocks of s 
the TMCON signal generated by dividing the frequency 
of the 1-jasec signal into four. Sincethe XOR3andXOR5 
circuits perform XOR operation of a current-stage output 
and a previous-stage output, the output of the AND7 cir- 
cuit once rising to the high level is inverted at every cycle 10 
of the clock signal TMCON. The D-FF4 circuit receives 
the SRENB1 signal output from the AND7 circuit at its 
C terminal, and repeatedly detects the sleep mode while 
the refresh signals are not output. The D-FF4 circuit 
latches the inverted output Q(N) of the D-FF1 circuit, is 
that is, the RFENBO signal, input into its D terminal. 
When the sleep mode is canceled and the RFENBO sig- 
nal rises to the high level, the D-FF4 circuit latches the 
RFENBO signal at a rise of the SRENB1 signal. This 
makes one of the inputs into an OR5 circuit high. The 20 
OR5 circuit performs OR operation of the RFTM signal 
and an output Q of the D-FF4 circuit and generates the 
result of the OR operation as the 1-psec clock signal 
S REF, which is used for generation of an artificial refresh 
signal. An inverted output Q(N) of the D-FF4 circuit, on 25 
the other hand, forms the ENB1 signal, which rises to 
the *H' level when 500 nsec have been elapsed since 
falls of both the RASm and CASn to the 'L' level and 
thus represents a refresh-unable signal indicating that 
the computer has not output a memory refresh instruct- 30 
ing signal for a predetermined time period. 
[0031] When the sleep mode is canceled and an ac- 
cess signal to the memory module 20 is output after the 
synchronous counter element once counts up to detect 
the sleep mode, output of the artificial refresh signal 35 
should be interrupted immediately. When the normal ac- 
cess to the memory module 20 is resumed, the inverted 
output Q(N) of the D-FF1 circuit rises to the high level. 
The output Q of the D-FF4 circuit thereby rises to the 
high level at a next rise of the output of the AND7 circuit 40 
or the SRENB1 signal. This masks the RFTM signal and 
eliminates the artificial refresh signal. 
[0032] The 1 -u.sec clock signal SREF is used as a ref- 
erence clock of an artificial refresh signal generating cir- 
cuit shown in Fig. 5. The artificial refresh signal gener- 45 
ating circuit includes a clock generating circuit defined 
by seven frequency-dividing circuits, which are ar- 
ranged in series and consist of seven D-F11 through D- 
FF17 circuits and seven OR11 through OR17 circuits. . 
The artificial refresh signal generating circuit also in- 50 
eludes four AND circuits AND 11 through AND14 used 
for selection of a desired clock signal among clock sig- 
nals of various cycles output from the clock generating 
circuit, and an OR1 9 circuit for OR operation of outputs 
of the AND11 through AND1 4 circuits. 55 
[0033] In the seven-stage frequencyndividing circuits 
respectively consisting of the D-FF11 through D-FF17 
circuits and the OR11 through OR17 circuits^ each of 



the OR11 through OR17 circuits performs OR operation 
of an output Q from a current-stage D-FF circuit and an 
input into the C terminal of the current-stage D-FF cir- 
cuit, and outputs a result of the OR operation a C termi- 
nal of a next-stage D-FF circuit. Each inverted output Q 
(N) of the current-stage D-FF is directly returned into a 
D terminal of the current-stage D-FF circuit. The 1 -u,sec 
clock signal SREF is input into a C terminal of the first- 
stage D-FF11 and an input terminal of the first-stage 
OR11. Each clock signal output from-each stage faHs to 
the low level in a time period of approximately 100 nsec 
at every cycle. In the frequency dividing process at each 
stage where the cycle is successively doubled, output 
signals of the fourth-stage OR14, the fifth-stage OR15, 
the sixth-stage OR16, and the seventh-stage OR17are 
respectively a 16-u.sec clock signal, a 32-jisec clock sig- 
nal, a 64-jxsec clock signal, and a 1 28-u,sec clock signal. 
[0034] These 16-u.sec, 32-fisec, 64-u.sec, and 
128-fisec clock signals are respectively input into the 
AND11 through AND1 4 circuits, which also receive, as 
selecting signals, JP2 and JP3 signals having logic lev- 
els defined by jumper wires according to the following 
logic. Both the JP2 and JP3 signals are input directly 
into the AND11 circuit which receives the 16-u.sec clock 
signal. The JP3 signal and an inverted JP2 signal by a 
NOT1 1 circuit are input into the AND1 2 circuit which re- 
ceives the 32-usec clock signal. The JP2 signal and an 
inverted JP3 signal by a NOT1 2 circuit are input into the 
AND 1 3 circuit which receives the a 64-u.sec clock signal. 
An inverted JP2 signal by a NOT1 3 circuit and an invert- 
ed JP3 signal by a NOT14 circuit are input into thB 
AND1 4 circuit which receives the 1 28-usec clock signal. 
[0035] As shown in Fig. 9, when both the JP2 and JP3 
signals are in the *H' (high) level, the 1 6-jisec clock sig- 
nal is output from the AND11 circuit to the subsequent 
OR1 9 circuit. When only the JP2 signal is in the V level, 
the 32-fosec clocksignal is output from the AND12 circuit 
to the OR19 circuit. When only the JP3 signal is in the 
'L' level, the 64-usec clock signal is output from the 
AND13 circuit to the OR circuit. When both the JP2 and 
JP3 signals are in the V level, the 1 28-u.sec clock signal 
is output from the AND14 circuit to the OR1 9 circuit. A 
desired clock signal selected out of the fou r clock signals 
is output from the OR1 9 circuit according to a combina- 
tion of the JP2 and JP3 signals. The OR19 circuit gen- 
erates the output as an artificial CAS (hereinafter re- 
ferred to as RFCS signal) whereas a delay circuit D30 
delays the output of the OR19 circuit by approximately 
30 nsec to generate an artificial RAS (hereinafter re- 
ferred to as RFRS signal). 

[0036] The JP2 and JP3 signals are arbitrarily output 
through operation of the jumper wires or dip switches. 
The power consumed by the memory module 20 in the 
sleep mode is substantially determined by the refresh 
cycle. The longer refresh cycle is thereby preferable ac- 
cording to the ability of data retention of the DRAMs 24 
■mounted on the memory module 20. The output of the 
JP2 and JP3 signals is determined to. attain an optimal 
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refresh interval according to the type of the DRAMs 24 
mounted. 

[0037] The RFRS signal and the. RFCS signal of arbl- . 
trary frequencies obtained in the artificial refresh signal 
generating circuit of Fig. 5 are respectively input, togeth- 
er with the ENB1 signal obtained in the monitor circuit 
of Fig. 4, into RAS and CAS distributing circuits shown 
in Figs. 6 and 7. These distributing circuits generate final 
refresh instruction signals, that is, RAS and CAS signals 
in the embodiment, given to the DRAMs 24 on the mem- 
ory module 20. 

[0038] The RAS distributing circuit of Fig. 6 is con- 
structed as a logic circuit including 10 k AND circuits 
AND20 through AND29 and five OR circuits OR20 
through OR24. The RASm output from the computer is 
input into the AND20, AND22, AND24, AND26, and 
AND28 circuits whereas the RFRS signal obtained, in 
the circuit of Fig. 5 is input into the AND21, AND23, 
AND25, AND27, and AND29 circuits. The ENB1 signal 
obtained in the circuit of Fig. 4 is input as a gate signal 
inversely into the AND20, AND22, AND24, AND26, and 
AND28 circuits and directly into the AND21, AND23, 
AND25, AND27, and AND29 circuits. Namely, gates of 
either the first set including AND20, AND22, AND24, 
AND26, and AND28 or the second set including the 
AND21, AND23, AND25, AND27, and AND29 are 
opened according to the value of the ENB1 signal. The 
OR20 circuit for OR operation of the outputs of the 
AND20 and AND21 , the OR21 circuit for OR operation 
of the outputs of the AND22 and AND23, the OR22 cir- 
cuit for OR operation of the outputs of the AND24 and 
AND25, the OR23 circuit for OR operation of the AND26 
and AND27, and the OR24 circuit for OR operation of 
the AND28 and AND29 respectively generate signals 
RASCc|> , RASD<t>, RASE<t>, RASF<t>, and RASGt)), which 
are utilized as the RAS for the DRAMs 24. This circuit 
is easily replaced by a 5-bit data selector. 
[0039] When the RASm and CASn signals are input 
from the computer to the memory module 20 at intervals 
within 400 nsec, the RAS distribution circuit outputs the 
RASm signals as the RASC<|), RASD(J>, RASE<{>, RASF<J), 
and RASG<t), signals. When 500 nsec have elapsed 
since falls of both the RASm and CASn signals to the 
low level, on the other hand, the ENB1 signal rises to 
the high level and the RFRS signal generated by the 
circuit of Fig. 5 is output as the RASC<(>, RASD(J>, RASE<j>, 
RASF(J>, and RASG(J> signals. 

[0040] The CAS distributing circuit shown in Fig. 7 has 
the same circuit structure as the RAS distributing circuit 
of Fig. 6. As the memory address structure of the mem- 
ory module 20 (Fig. 2) clearly shows that only four CAS 
signals are required, the CAS. distributing circuit forms 
a logic circuit with eight AND circuits AND30 through 
AND37 and four OR circuits OR30 through OR33. The 
CAS distributing circuit for generating CAS 1$ through 
CAS4<|) signals directly given to the DRAMs 24 may be 
replaced by a 4-bit data selector. 

[0041] As described above, the memory module 20 of 



the embodiment inserted into the memory extension slot . 
8 of the computer 1 functions as part of a main memory 
area of the computer to extend the capacity of the main 
memory, like a conventional memory module with 
DRAMs. When output of the refresh signals RASm and 
CASn from the computer is interrupted, the logic circuits 
included in the gate array 28 generate RASm^ and CAS- 
n<j> corresponding to the artificial signals RFRS and 
RFCS. These signals RASmcj) and CASn<j) are distribut- 
ed to the DRAMs 24 mounted on the memory module 
20, wh ich thereby maintains the contents of the memory. 
Even though the memory module 20 of the embodiment 
includes relatively inexpensive, large capacity 16-meg- 
abit DRAMs 24 without a self-refresh mode, the memory 
module 20 is applicable to the computer which requires 
application of the self-refresh mode. When the memory 
module 20 is used for memory expansion of a computer 
having a sleep mode, like a book-sized personal com- 
puter, the contents of the memory module 20 are main- 
tained effectively 

[0042] The logic circuits included in the gate array 28 
generate artificial refresh signals RFRS and RFCS and 
output these artificial refresh signals at arbitrary fre- 
quencies of 1 6 through 1 28 u,sec using the JP2 and JP3 
signals. This structure allows the best use of the mem- 
ory retention ability of the DRAMs 24, and saves the 
power required for unnecessary refreshing process. 
[0043] There may be many modifications, alterna- 
tions, and changes without departing from the scope of 
essential characteristics of the invention. It is thus clear- 
ly understood that the above embodiment is only illus- 
trative and not restrictive in any sense. Some examples 
of such modification include that the gate array 28 may 
be replaced by another logic circuit such as a custom 
IC and that the memory module 20 may include a battery 
for memory retention during a power-off period of the 
computer. 

[0044] The scope of the present invention is limited 
only by the terms of the appended claims. . 



Claims 

1. A memory module (20) comprising a DRAM, i.e. a 
dynamic random access memory (24) which does 
not have a self-refresh function, which memory 
module (20) is adapted to refresh contents of said 
DRAM when an instruction signal (CAS, RAS) is in- 
put at predetermined time intervals to instruct re- 
freshing of the memory contents, said memory 
module (20) being adapted to be inserted into a 
memory extension slot (8) of a computer (1) to ex- 
tend the storage area of said computer, said mem- 
ory module (20) being characterised by : 

monitor means (28) for outputting a refresh-un- 
able signal (ENB1) when said computer (1 ) has 
not output said instruction signal (CAS, RAS) 
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. for a predetermined time period; and 
artificial refresh means(28) for, when said mon- 
itor means (28) outputs paid refresh-unable sig- 
nal (ENB1), outputting an artificial refresh sig- 
nal (RFCS, RFRS) , used in place of said in- 5 
struction signal (CAS, RAS), to said DRAM at 
specific intervals for ensuring retention of data 

. in said DRAM. 

2. A memory module in accordance with claim 1, io 
wherein said artificial refresh means (28) comprises 

an interval setting element (Fig. 5) for changing said 
specific interval for outputting said artificial refresh 
signal (RFCS, RFRS). 

15 

3. A memory module in accordance with claim 1 or 2, 
wherein said instruction signal (CAS,RAS) compris- 
es a combination of a CAS signal, i.e. a column ad- 
dress strobe signal and an RAS signal, i.e. a row 
address strobe signal, said RAS signal being output 20 
in a specified time period after output of said CAS 
signal.. 

4. A memory module in accordance with claim 3, 
wherein said memory module (20) receives plural 25 
sets of said RAS signals and CAS signals and is 
adapted to refresh a plurality of DRAMs corre- 
sponding to said plural sets of said RAS signals and 
CAS signals. 

30 

5. A memory module in accordance with any preced- 
ing claim, wherein said artificial refresh means (28) 
comprises: 

first means (Fig.4) for outputting a single artifi-. 35 
cial refresh signal (SREF); 
second means (Fig. 5) for splitting said artificial 
refresh signal into a plurality of signals (RFCS, 
RFRS) shifted at a number of different timings 
corresponding to said plural sets of said RAS 40 
signals and CAS signals; and 
third means (Fig.6,7) for outputting said plural- 
ity of split signals to said plurality of DRAMS 
corresponding to said plural sets of said RAS 
signals and CAS signals. 45 

6. A method of refreshing a memory module (20) hav- 
ing a DRAM, i.e. a dynamic random access memo- 
ry, which does not have a self-refresh function and 

is inserted into a memory extension slot (8) of a so 
computer (1 ) to extend a storage area of said com- 
puter (1), said method comprising the steps of: 

when an instruction signal (CAS, RAS) for in- 
structing refresh of contents of said memory is 55 
input at predetermined time intervals, refresh- 
ing the contents of said DRAM using said in- 
struction signal (CAS, RAS); and 



when said computer (1) has not output said in- 
struction signal (CAS, RAS) for a predeter- 
mined, time period, outputting an artificial re- 
fresh signal (RFCS, RFRS) to said DRAM, 
used in place of said instruction signal (CAS, 
RAS), at specific intervals for ensuring reten- 
tion of data in said DRAM. 



Patentanspruche 

1. Speichermodul (20) mit einem DRAM-Speicher, d. 
h. einem dynamischen Direktzugriffsspeicher (24), 
welcher keine Selbst-Auffrisch-Funktion aufweist, 
wobei das Speichermodul (20) zum Auffrischen des 
Inhalts des DRAM eingerichtet ist, wenn ein Anwei- 
sungssignal (CAS, RAS) an vorbestimmten Zeitin- 
tervallen zur Anweisung eines Auffrischens des 
Speicherinhalts eingegeben wird, wobei. das Spei- 
chermodul (20) zum Einfuhren in einen Speicherer- 
weiterungsschlitz (8) eines Computers (1) zur Er- 
weiterung des Speicherbereiches des Computers 
eingerichtet ist, wobei das Speichermodul (20) ge- 
kennzeichnet ist durch: 

Uberwachungsmittel (28) zur Ausgabe eines 
Auffrisch-Unfahigkeits-Signals (ENB1), wenn 
der Computer Ober eine vorbestimmte Zeitdau- 
er das Anweisungssignal (CAS, RAS) nicht 
ausgegeben hat; und 

Mittei (28) zum kOnstlichen Auffrischen zur 
Ausgabe, wenn die Uberwachungsmittel (28) 
das Auffrisch-Unfahigkeits-Signal (ENB1) aus- 
geben, eines kunstiichen Auffrisch-Signals 
(RFCS, RFRS), welches anstelle des Anwei- 
sungssignals (CAS, RAS) verwendet wird : an 
den DRAM in vorbestimmten IntervaHen zur 
Gewahrleistung eines Haltens bzw. eine Beibe- 
haltung der Daten in dem DRAM. 

2. Speichermodul nach Anspruch 1, wobei die Mittei 
zum kunstiichen Auffrischen (28) ein Intervallein- 
stellungseiement (Figur 5) zur Veranderung des 
spezifischen Intervalls zur Ausgabe des kunstii- 
chen Auffrisch-Signals (RFCS, RFRS) aufweisen. 

3. Speichermodul nach einem der Anspruche 1 oder 
2, wobei das Anweisungssignal (CAS, RAS) eine 
Kombination eines CAS-Signals, d.h. eines Spal- 
tenadressen-Strobe- bzw. Abtast-Signals und ei- 
nes RAS-Signals, d.h. eines Reihenadressen-Stro- 
be- bzw. Abtast-Signals aufweist, wobei das RAS- 
Signal in bzw. zu einer bestimmten Zeitdauer nach 
der Ausgabe des CAS-Signals ausgegeben wird. 

4. Speichermodul nach Anspruch 3, wobei das Spei- 
chermodul (20) eine Arizahi von Satzen der RAS- 
Signale und CAS-Signale empfangt und zum Auf- 
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frischen einer Anzahl von DRAMs, welche der An- 
zahl von Satzen der RAS-Signale und CAS-Signale 
entspricht, eingerichtet ist. . 

5. Speichermodul nach irgendeinem der vorstehen- s 
den Anspruche, wobei die Mittel (28) zum kunstli- 
chen Auffrischen aufweisen: 

erste Mittel (Figur 4) zur Ausgabe eines einzel- 
nen kunstlichen Auffrisch-Signals (SREF); 10 
zweite Mittel (Figur 5) zur Aufspaltung des . 
kunstlichen Auffrisch-Signals in eine Anzahl 
von Signalen (RFCS, RFRS), welche an einer 
Anzahl verschiedener Zeitpunkte bzw. Zeiten, 
welche der Anzahl von Satzen der RAS-Signa- is 
le und der CAS-Signale entsprechen, verscho- 
ben sind; 

dritte Mittel (Figuren 6, 7) zur Ausgabe der An- 
zahl der aufgespalteten Signalen an die Anzahl 
von DRAMs, welche der Anzahl Satze der 20 
RAS-und der CAS-Signale entspricht. 

6. Verfahren zum Auffrischen eines einen DRAM, d.h. 
einen dynamischen Direktzugriffsspeicher aufwei- 
senden Speichermoduls (20), welcher keine 25 
Selbst-Auffrlsch-Funktion aufweist und in einen 
Speichererweiterungsschlitz (8) eines Computers 

(1) zur Erweiterung des Speicherbereiches des 
Computers (1) eingefuhrt ist, wobei das Verfahren 
diefolgenden Schritte umfa3t: so 

bei Eingabe eines Anweisungssignals (CAS, 
RAS) zur Anweisung eines Auffrischens des In- 
halts des Speichers zu bestimmten Zeitinter- 
vallen Auffrischen des Inhalts des DRAM unter 35 
Verwendung des Anweisungssignals (CAS, 
RAS); und 

bei Nicht-Ausgabe des Anweisungssignals 
(CAS, RAS) durch den Computer (1) uber eine 
bestimmte Zeitdauer Ausgabe eines kunstli- 40 
chen Auffrischsignals (RFCS, RFRS), welches 
anstelle des Anweisungssignals (CAS, RAS) 
verwendet wird, an den DRAM in bestimmten 
Intervallen zur Gewahrleistung eines Haltens 
von Daten in dem DRAM. 45 



Revendications 

1. Module (20) de memoire comprenant une DRAM, so 
a savoir une memoire dynamique a acces selectif 
(24) qui n'a pas de fonction d'auto-rafraTchisse- 
ment, ce module (20) de memoire etant adapte au 
contenu de ladite DRAM lorsqu'un signal d'instruc- 
tion (CAS, RAS) est introduit a des intervalles de ss 
temps predetermines pour prescrire un rafraTchis- 
sementdu contenu de la memoire, ledit module (20) . 
de memoire etant apte a etre ins ere dans une f ente 



(8) d'extension de la memoire d'un ordinateur (1) 
pour etendre la zone de stockage dudit ordinateur, 
ledit module (20) de memoire etant caracteris§ par : 

un moyen de controle (28) pour delivrer un si- 
gnal (ENB1) d' invalidation de rafraichissement 
lorsque ledit ordinateur (1) n'a pas delivre ledit 
signal (CAS, RAS) destruction pendant un 
laps de temps predetermine ; et 
un moyen (28) de rafraTchissement artificiel 
pour delivrer, lorsque ledit moyen de controle 
(28) delivre ledit signal (ENB1 ) d'invalidation de 
rafraTchissement, un signal (RFCS, RFRS) de 
rafraTchissement artificiel utilise a la place dudit 
. signal (CAS, RAS) destruction, a ladite 
DRAM, a des intervalles specifiques pour as- 
surer la retention de donnees dans ladite 
DRAM. 

2. Module de memoire selon la revendication 1, dans 
lequel ledit moyen (28) de rafraTchissement artificiel 
cbmprend un element d'etablissement d'intervalle 
(figure 5) pour modifier ledit intervalle specifique 
pour delivrer ledit signal (RFCS, RFRS) de rafraT- 
chissement artificiel. 

3. Module de memoire selon la revendication 1 ou 2, 
dans lequel ledit signal (CAS, RAS) destruction 
comprend une combinaison d'un signal CAS, a sa- 
voir un signal d'impulsion de selection d'adresse de 
colonne et d'un signal RAS, a savoir un signal d'im- 
pulsion de selection d'adresse de rangee, ledit si- 
gnal RAS etant delivre en un laps de temps specifie 
apres la delivrance dudit signal CAS. 

4. Module de memoire selon la revendication 3, dans 
lequel ledit module (20) de memoire recoit plusieurs 
series desdits signaux RAS et desdits signaux CAS 
et est apte a rafraTchir une pluralite de DRAM cor- 
respondant auxdites plusieurs series desdits si- 
gnaux RAS et desdits signaux CAS. 

5. Module de memoire selon Tune queiconque des re- 
vendications precedentes, dans lequel ledit moyen 
(28) de rafraTchissement artificiel comprend : 

un premier moyen (figure 4) pour delivrer un 
seul signal (SREF) de rafraTchissement 
artificiel ; 

un deuxieme moyen (figure 5) pour partager le- 
dit signal de rafraTchissement artificiel en une 
. pluralite de signaux (RFCS, RFRS) decales a 
un certain nombre de synchronisations diffe- 
rentes correspondant a ladite pluralite de se- 
ries desdits signaux RAS et desdits signaux 
CAS ; et 

un troisieme moyen (figures 6, 7) pour delivrer 
ladite pluralite de signaux partages a ladite plu- 



15 



EP0 626 695 B1 



ralite de DRAM correspondant a ladite pluralite 
de series desdits signaux RAS et desdits si- 
gnauxCAS. 

Procede de raf raTchissement d'un module (20) de 5 
memoire comportant une DRAM, a savojr une me- 
moire dynamique a acces setectif, qui n'a pas de 
fonction d'auto : raf raTchissement et etant insere 
dans une fente (8) d'extension de la memoire d'un 
ordinateur (1 ), pour etendre la zone de stockage du- 10 
ditordinateur (1 ), ledit procede comprenant les sta- 
pes suivantes : 

lorsqu'un signal destruction (CAS, RAS), pour 
prescrire un raf raTchissement du contenu de la- is 
dite memoire, est introduit a des intervalles de 
temps predetermines, rafraichissement du 
contenu de ladite DRAM en utilisant ledit signal 
^instruction (CAS, RAS) ; et 

lorsque ledit ordinateur (1) n'a pas delivre ledit 20 
signal destruction (CAS, RAS) pendant un 
laps de temps predetermine, delivrance d'un si- 
gnal de raf raTchissement artificiel (RECS, 
RFRS) a ladite DRAM, utilise a la place dudit 
signal d'instruction (CAS, RAS), a des interval- 25 
les specifiques, pour assurer une retention de 
donnees dans ladite DRAM. 
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Fig. 7 
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